The purpose of the present study is twofold: (a) to compare the validation of percentage of nonoverlapping data approach and percentage of data points exceeding the median of baseline phase (PEM) approach, and (b) to demonstrate application of the PEM approach in conducting a quantitative synthesis of single-subject research investigating the effectiveness of self-control. The results show that the PEM had higher Spearman correlation with original authors' judgment than PND did. The results of applying the PEM approach to synthesize the effect of self-control training on academic and social behavior showed that the treatment was highly or at least moderately effective. 
demonstrate application of the PEM approach in conducting a quantitative synthesis of single-subject researches investigating the effectiveness of self-control in the field of applied behavior analysis.
In between-group research, many meta-analyses have been conducted to draw conclusions about the overall effectiveness of interventions (Lipsey & Wilson, 1993) . But for the single-subject experimental researches, such work is just beginning. Researchers are searching for an acceptable statistical methodology to calculate the effect size of treatment of single-case experimental designs. Some researchers have proposed parametric statistics for this purpose (e.g., Center, Skiba, & Casey, 1985-86; Ferron & Sentovich, 2002; Koehler & Levin, 1998; Kromrey & Foster-Johnson, 1996; Marascuilo & Busk, 1988; Swanson & Sachse-Lee, 2000; Wampold & Worsham, 1986; White, Rusch, Kazdin, & Hartmann, 1989) . These methodologies are carried over from conventional between-group research and would not necessarily be appropriate for single-subject studies. In addition to normality of distribution and homogeneity of variance of the residuals, a more important assumption of parametric statistics is that the residuals must be independently distributed (Myers, 1972) . In the case of successive measurements over time in intrasubject designs, the assumption of independence of residuals is usually not met (Hersen & Barlow, 1976) . The small number of data points in the phases of single-subject research would preclude the application of an autoregressive integrated moving average (ARIMA) model to the analysis of trend or level changes between baseline and treatment phases (Huitema, 1985) . To correctly identify an ARIMA model in a time series, one needs at least 50 observations. A model identified with less than 20 data points would be fragile, and the number of data points in a phase of intrasubject research is normally less than 15 (Ma, 1979) . Mastropieri and Scruggs (1985-86 ) took a nonparametric approach to synthesize the effects of early intervention for socially withdrawn children evaluated with single-subject methodology and used the PND as the indicator of effect size. The PND is the percentage of data points in the treatment phase over the highest point of the distribution in the baseline phase (or below the lowest point of data points in the baseline phase if the undesirable behavior is expected to decrease after the intervention is introduced). The PND approach was then further applied by behavior analysts to synthesize the effect sizes of other variables (Mathur, Kavale, Quinn, Forness, & Rutherford, 1998; Scruggs, Mastropieri, Cook, & Escobar, 1986; Scruggs, Mastropieri, Forness, & Kavale, 1988) .
The PND approach has the following advantages: (a) as it is a nonparametric approach, it can be free from the constraints of the assumptions of parametric statistics; (b) it is easy to calculate directly from graphic displays; and (c) it is easy to interpret qualitatively, as a PND of 90% and higher indicates highly effective, 70% to less than 90% represents moderate (or fair) effect, 50% to less than 70% indicates mild or questionable effect, whereas below 50% is considered as an ineffective treatment. This interpretation was based on previous comparisons of the PND scores by visual analysis (Scruggs et al., 1986) .
However, the PND approach has crucial drawbacks.
1. If one or more data points in the baseline phase has reached the ceiling or floor level, then the PND scores will be 0%, although by visual inspection the treatment effect did exist. Yet, it is not unusual to find data points reaching the ceiling or floor level in the graphic displays of intrasubject researches (e.g., Koegel & Frea, 1993) . 2. It might be expected that in the second baseline phase, the treatment effect noted in the first treatment phase would not abruptly drop to the level of the first baseline phase but become gradually extinct, and the curve in the second treatment phase would also rise gradually. There would, therefore, be an orthogonal slope change in the second pair of baseline treatment phases (Scruggs, Mastropieri, & Casto, 1987) . In this case, the PND scores of the second treatment phase would be greatly underestimated.
In this regard, the PND approach would run the risk of making a Type II error (i.e., accepting the false null hypothesis).
To improve these shortcomings, the present author proposes a PEM approach. The null hypothesis of the PEM approach is that if the treatment has no effect, the data points in the treatment phase will fluctuate up and down around the middle line. The data points have 50% of chance of being above and 50% chance of being below the median of previous baseline phase.
The PEM score has a range of 0 to 1. The PEM score has the same meaning as the effect size. One can compute one PEM score from each pair of baseline treatment phases. One can further calculate the overall mean effect size of each article or the mean effect size of each variable category.
In the presence of ceiling or floor data points in the baseline, as shown in Figure 1 , the PEM approach is capable of computing the PEM scores that reflect the effect size whereas the PND approach cannot.
However in the presence of an orthogonal slope in the baseline treatment pair after the first treatment phase, the PEM could only have a partial improvement. Scruggs and Mastropieri (1998) have noted that this problem has rarely been encountered in the research literature. The present investigation will count the percentage of baseline treatment pairs showing orthogonal slope changes after the first treatment phase.
To demonstrate how the PEM approach can be applied in the performance of a quantitative synthesis of single-subject experimental research, research on self-control treatment were analyzed to provide an example. There has been extensive publication of research on assessment of the effect of self-control on the undesirable behavior to be extinguished or the desirable behavior to be reinforced (Nakano, 1996) . However so far, there is still no meta-analysis synthesizing the overall effectiveness of self-control investigated with single-case experimental designs.
METHOD PROCEDURES FOR LOCATING STUDIES
The single-subject researches on self-control used in this synthesis were obtained through a computer-assisted search of the relevant databases, including EBSCOhost, ERIC, and ProQuest. Descriptors included self-control, self-instruction, self-recording, self-assessment, self-feedback, self-reinforcement, self-monitoring, and self-management. Self-instruction, self-recording, and self-reinforcement are important components of self-control. A hand search of relevant behavior analysis journals such as Journal of Applied Behavior Analysis, Behavior Disorders, Behavior Modification, Behavior Assessment, Behavior Therapy, Behavior, Research and Therapy, and Journal of Special Education was also conducted. Studies that meet the following criteria were included in this synthesis:
Data of baseline and treatment phases of reversal or multiplebaseline design were graphically displayed for individual participants in a time series format enabling the PND and the PEM scores to be computed. The first pair of baseline-treatment phases or the pair after that was also coded. Generalization or follow-up phase as well as treatment phase without immediate preceding baseline phase was not included in the analysis because their effect might be contaminated by the preceding phase.
PROCEDURE FOR CODING THE STUDY
Study characteristics. Variables in each of the following areas were coded:
1. Authors'conclusion of overall effectiveness of treatment (2 = effective, 1 = moderately effective, or 0 = questionably or not effective). Because it is hard to distinguish between questionable and no effect, they were pooled together. 2. Categorization of independent variables. Independent variables were divided into four categories: (a) self-instruction (self-statement and reading aloud the instruction are attributed to this category), (b) monitoring (synonymous terms are self-evaluation, self-recording, selfassessment, and self-checking), (c) self-reinforcement, and (d) selfcontrol package (i.e., a composition of two or more of the above elements; synonymous terms are self-management and self-regulation). 3. Categorization of dependent variables. Target behaviors were classified into four categories: (a) academic behaviors measured as accuracy (or proficiency, grades, correct responses), (b) academic behaviors measured as task completed, (c) socially desirable behaviors (on task, appropriate behaviors, attending, desirable peer interactions, communication skills), and (d) socially undesirable behavior (aggressive behavior, disruptive behaviors, drug abuse, inappropriate communicative behaviors, off task, self-stimulations, left too early, absence, coming too late). 4. Settings. Intervention settings were classified as home, institution (including clinic and various therapeutic centers), school, and other places (including company, community, and swimming pool). 5. Interveners. They were categorized into experimenter (including treatment provider, trainer, research assistant, and instructor), staff (including therapist, facilitator, teaching parent, counselor, and clinician), teacher (including swimming coach), and tutor (including peer teacher and home tutor). 6. Participant Classifications. Participants in the present study were classified as attention deficit hyperactivity disorder, autism, brain injury, chronic alcoholic, emotional disturbance, learning disability, mental retardation, and normal (including participants with normal IQ but having behavior problems, such as disruptive, predelinquent, and socially isolated, underachieving, or having other behavior disorders). 7. Participant Sex and Age. Age was divided into five groups: (a) younger than 7 years, (b) 7 to 12 years, (c) 13 to 15 years, (d) 16 to 18 years, and (e) older than 18 years.
COMPUTATION OF TREATMENT OUTCOMES
Treatment outcomes were calculated by computing the PND scores and the PEM scores of each pair of baseline treatment phases.
Reliability. A student in a doctoral program of education serving as a part-time research assistant conducted the variable coding and calculation of the PND as well as the PEM scores. The present author checked her work, and the percentage of agreement was counted. The percentage of agreement is calculated by the formula: the number of agree divided by the number of agree plus the number of disagree. Disagreements were resolved by discussion until a consensus was reached and recalculated.
Calculation of the PEM. To compute the PEM scores, one needs only to draw a horizontal middle line in the baseline phase. This horizontal middle line will hit the median when the number of data points in the baseline phase is odd and go between the two middle points if the number of data points is even. This middle line will stretch out horizontally to the treatment phase. Then the percentage of data points of treatment phase above the middle line may be calculated. If the undesired behavior is expected to decrease after the treatment is introduced, then the PEM score will be the percentage of data points below the middle line in the treatment phase. Figure 1 demonstrates the method of calculating the PEM and PND. There are ten points in the first treatment phase over the median line. Therefore, the PEM is 10/11 = 90.9%. And the PND = 0/11 = 0%. For an orthogonal slop change, the PEM has also a higher score than the PND.
RESULTS
From the total of 61 articles used for quantitative synthesis in the present study, 16 articles (202 pairs of baseline treatment phases) were sampled for the calculation of coding reliability. Percentage of agreement between the present author's coding and that of the research assistant was 83.65% for the coding of original authors' judgments, and 95.85% for the PND, and 94.55% for the PEM. Most of the inconsistency in coding the original authors'judgments on treatment effects was found in the category of moderate effect, which was coded as 1, whereas noticeable effect (coded as 2) and little effect or no improvement (coded as 0) showed little confusion.
The following terms were assigned as moderately effective: increased but slow, variable but increasing trend, positive change but inconsistently, small increase, slightly above baseline, increased but overlap with baseline, slight increase, and increased but did not quite reach the norm.
As the coding numbers of the judgments of original authors on the treatment effects were of ordinal scale, the Spearman correlation was used to decide which approach, the PND or the PEM, had a higher consonance with original researchers' judgment on treatment effect. The matrix of intercorrelation coefficients between the judgments of original researchers, the PND, and the PEM is presented in Table 1 with number of effect sizes in parentheses. Table 1 shows that the PEM has a higher correlation with the original authors' judgment than that of the PND with original authors' judgment, no matter whether it is calculated with the sample of pairs of baseline treatment phase or with sample of articles having only one average value of effect size.
The mean of 659 PEM scores is .87 with a standard deviation of .24. The mean of 659 PND scores is .61 with a standard deviation of .39. To respond to the critics that effect sizes in an article are not independent, the effect sizes of each article are averaged to form a single average effect size. It was found that the mean of 61 PEM scores is .90 with a standard deviation of .13. The mean of 61 PND scores is .67 with a standard deviation of .26.
In searching the change in the orthogonal slope after the first treatment phase, only two obvious orthogonal slope changes in the second baseline phase out of 61 articles had been found. They were found in the diagrams for Participants 1, 2, and 7 in Figure 1 of Olympia, Sheridan, Jenson and Andrews (1994) , and Student 4 in Figure 1 of Koegel and Koegel (1990) . To investigate whether the orthogonal slope change threaded the effect size of the second baseline treatment pair, the averaged effect size of the second baseline treatment pair from 82 ABAB designs was subtracted from that of the first baseline treatment pair. The results showed that the difference of two baseline treatment pairs was 0.033 for the original authors'judgment, 0.013 for the PND, and 0.009 for the PEM. The results indicate that the effect size of the second baseline treatment pair is higher than that of the first one, and the differences were small; therefore, the effect of orthogonal slope change can be negligible.
More specific breakdown of the effect of self-control by the PEM, the PND, and original authors' judgments are given in Table 2 .
Under the condition of unequal size, the heterogeneity of variance would cause serious consequences (Scheffe, 1961) , and it can be seen in Table 2 that the sample sizes of subcategories are not equal. Accordingly, score differences from various study characteristics could not be compared by means of parametric statistics.
The n in Table 2 designates the number of baseline treatment pairs as the unit of analysis with the exception of overall effect with article as unit. Table 2 shows that means of the PEM scores of each subcategory of variable range from .80 to .98. When the criterion of Scruggs et al. (1986) was used, all of the subcategory of variable would have at least moderate (between .70 and .89) or high effectiveness (higher than .9). Scruggs et al. (1986) applied nonparametric tests (Kruskal-Wallis one-way analysis of variance by ranks) to compare the PND score dif- ferences by various study characteristics. So it is reasonable to do so for the PEM. Breakdowns are given in Table 2 . The overall averaged effect size for 659 pairs of baseline treatment phases was 0.87. It was moderately effective according to Scruggs' et al. (1986) criterion. The averaged effect size for 61 independent studies was 0.9. It was significantly different from 0.5 (t(60) = 24.68, p < .0001).
The differences of four interventions were statistically meaningful, and single element of self-control package, especially the selfreinforcement, were more effective than the whole package.
For the target behaviors, self-control treatments were more successful on the academic behaviors associating with accuracy of work and on establishing desirable social behaviors than reducing undesirable social behavior and promoting completion of academic tasks. 2 (4, n = 645) = χ 2 (4, n = 645) = χ 2 (4, n = 633) = 36.35*** 65.53*** 45.22*** **p < 01. ***p < .001. ns = not significant. Home and school were associated with significantly stronger outcome than institutions and other settings.
Tutors and experimenters were more effective than researchers and teachers. Overall differences between eight groups of participants appeared to be statistically significant. Participants with brain injury, attention deficit hyperactivity disorder, and autism revealed more improvements than those with emotional disturbance, learning disability, normal, and mental retardation.
Differences in the PEM scores by age level were statistically significant but not systematic. Participants younger than 7 years old showed most effective change by the self-control treatments, but participants between 7 and 12 years old showed the least.
Differences in the PEM scores by sex of participant were not statistically significant. Table 3 displays the mean, standard deviation, and number of pairs of baseline treatment phase of three subcategories of qualitative judgment over the effectiveness of treatment. There were 501 pairs of baseline treatment phases, which the original authors judged as highly effective. The mean of the PEM scores of these pairs is .94, although the mean of the PND scores is .72. It seems that the criterion set by Scruggs et al. (1986) is more suitable for the PEM scores and too stringent for the PND scores.
DISCUSSION
The present meta-analysis with the PEM approach found that selfcontrol training, either in the form of a self-control package or in the form of single element of self-control, such as self-instruction, selfmonitoring, or self-reinforcement, had an effect on all four categories of behaviors. There is, up to now, no other meta-analysis of singlesubject studies about self-control. The present author could only compare the findings with the results of meta-analysis of between-group studies. The results are consistent with the results of Baker, Swisher, Nadenichek, and Popowicz (1984) as well as Stage and Quiroz (1997) .
The display in Table 1 indicates that the PEM scores have a higher correlation with the original authors' judgments than the PND scores do. This finding was supported by a recent study (Gao, 2004) . However, only about 25% of the variance in treatment effectiveness is shared by the PND, the PEM, and authors' judgments. A possible reason that correlation was not high enough might be that there are only three scores for the authors' judgments in ordinal scale, and the PND and the PEM scores are of interval scale; therefore, the rank correlation between them could not be expected to be high. Other factors contributing to the modest correlation have to be investigated in future research. The present author thought that the ones who know best the effectiveness of treatment are the original authors of each study. Mastropieri and Scruggs (1985-86) had adopted six considerations from Parsonson and Baer (1978) to determine the effectiveness of outcome. Their six considerations contain nevertheless ambiguous terms, such as questionable, adequacy, amount, and inappropriate, and lack precise quantitative criterion for coding. Therefore, the original authors' judgments were used instead of the six considerations.
Furthermore, the PEM is free from the fatal influence of the data point, which has reached the ceiling or floor level in the baseline phase. This has been a source for concern in the use of the PND approach. Because a single extreme outlier can produce a detrimental effect on the PND score (Scruggs et al., 1987) . Researches with results that have a data point reaching ceiling or floor in the baseline phase were found in Billings and Wasik (1985) ; Blick and Test (1987) Brigham, Hopper, Hill, Armas, and Newsom (1985) ; Burgio, Whitman, and Johnson (1980) ; Burgio, Whitman, and Reid (1983); Carr and Punzo (1993) ; Dunlap and Dunlap (1989) ; Glomb and West (1990) ; Gumpel and David (2000) ; Kern, Ringdah, Hilt, and SterlingTurner (2001) ; Kern-Dunlap et al. (1992) ; Kissel, Whitman, and Reid (1983) ; Koegel, Keogel, Hurley, and Frea (1992) ; Koegel and Frea (1993) ; Martin and Manno (1995) ; McKenzie and Rushall (1974) ; Olympia et al. (1994) ; Stahmer and Schreibman (1992) ; Swanson (1981) ; Wilson, Leaf, and Nathan (1975); and Wood, Murdock, and Cronin, (2002) . There are some methodological problems not addressed by the PEM approach 1. Insensitivity to the magnitude of data points above the median. Scores of 100% could be obtained whether all treatment scores were just slightly or substantially higher than the median of the preceding baseline. 2. Trend and variability in data points of the treatment phase were not considered. This problem can only be alleviated if researchers terminate treatment phase after the observations are stable. 3. The problem of applying a t test to examine the significance of overall mean of the PEM scores. The prerequisites for applying a t test, which belongs to parametric statistics, are normality, homogeneity of variances, independence of the residuals, and data must be at least of interval scale. The PEM scores might not always be distributed normally; however, violation of normality would not cause serious consequences (Lindquist, 1956) . The homogeneity of variances of the residuals would not be violated if two compared groups have equal size (Scheffe, 1961) . In the case of the PEM, the mean of the PEM scores is to be compared with .5 of the null hypothesis, each PEM score will have a counterpart of .5, so the two groups of data have equal size. A PEM score (a percentage) is of interval scale; because the distance between units is equal, it has absolute zero point, but there is no ratio relation between units (e.g., a PEM score of 1 is not two times more effective than that of .5). To test whether the residuals of effect size of 659 pairs and 61 articles were independently distributed, the time-series analysis (ARIMA) was applied. After the time series was centered by subtraction of its mean, all first 24 lags of autocorrelation of residuals of the PEM scores of 659 pairs were significant, although none of autocorrelation of the residuals of the averaged PEM scores of 61 articles were significant. It was also the case for the PND and authors' judgments. It signified that the residuals of effect sizes in an article would not independently distributed, but if the effect sizes were averaged to form a mean effect size for that article, then the residuals of the averaged effect sizes would be distributed independently, and it is eligible to apply the t test.
Where ES is the mean effect size of all articles, with each article having only one averaged effect size (independent effect size), SD is the standard deviation of all independent effect sizes; n is the number of independent effect size.
As the t test with Formula 1 was applied, the t-value (t(60) = 24.68, p > .0001) seems too large. However, in the present study, there were 501 pairs (77%) of baseline treatment phases judged by original authors as effective, 80 pairs (12%) judged as moderately effective, and 66 pairs (10%) judged as ineffective. Both results seem not to be controversial.
The present author wants to leave open for discussion the suitability of applying the t test to determine the significance of the overall effect of treatment. It is hoped that under empirical data-based discussions, a universally acceptable approach of quantitative synthesis of single-subject studies, which can simultaneously address these three problems, will be elicited, and then the results of empirical research of single-subject studies can be consolidated into the body of knowledge in applied behavior science.
